Introduction {#Sec1}
============
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                \begin{document}$${B} _{c} ^+$$\end{document}$ meson, formed of a $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${c} $$\end{document}$ quark, is an excellent laboratory to study QCD and weak interactions.[1](#Fn1){ref-type="fn"} The $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ meson bound-state dynamics can be treated in a non-relativistic expansion by QCD-inspired effective models that successfully describe the spectroscopy of quarkonia. However, $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ production and decay dynamics have some distinctive features, since this meson is the only observed open-flavour state formed by two heavy quarks. The decay proceeds through the weak interaction, and about 70% of the width is expected to be due to the CKM favoured $\documentclass[12pt]{minimal}
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                \begin{document}$$c \rightarrow s$$\end{document}$ transition \[[@CR1]\]. This decay process, challenging to detect, has recently been observed in the $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+ \rightarrow {B} ^0_{s} \pi ^+ $$\end{document}$ mode by the LHCb collaboration \[[@CR2]\]. The $\documentclass[12pt]{minimal}
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                \begin{document}$$b \rightarrow c$$\end{document}$ transition offers an easier experimental signature, having a substantial probability to produce a $\documentclass[12pt]{minimal}
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                \begin{document}$${{J} /\psi }$$\end{document}$ meson. Indeed, the $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ meson was discovered by the CDF collaboration \[[@CR3]\] through the observation of the $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+ \rightarrow {{J} /\psi } \ell ^+\nu _{\ell }X ~(\ell = \mu , e)$$\end{document}$ semileptonic decays, where $\documentclass[12pt]{minimal}
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                \begin{document}$$X$$\end{document}$ denotes any possible additional particles in the final state.
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                \begin{document}$${B} _{c} ^+$$\end{document}$ lifetime provides an essential test of the theoretical models describing its dynamics. Computations based on various frameworks \[[@CR1], [@CR4]--[@CR9]\] predict values ranging from 300 to 700 fs. The world average value of the $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ lifetime reported by the PDG in 2013 \[[@CR10]\] is 452 $\documentclass[12pt]{minimal}
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                \begin{document}$$\pm $$\end{document}$ 33 fs. This was obtained from measurements performed at the Tevatron, using semileptonic decays \[[@CR3], [@CR11], [@CR12]\] and the rarer $\documentclass[12pt]{minimal}
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                \begin{document}$$B_c^+ \rightarrow {{J} /\psi } \pi ^+$$\end{document}$ decay \[[@CR13]\].
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                \begin{document}$${B} _{c} ^+$$\end{document}$ production rate achieved at the LHC has thus far been used to measure many $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ decay properties, with several new decay modes observed by LHCb   \[[@CR2], [@CR14]--[@CR18]\]. The current knowledge of the lifetime is one of the largest systematic uncertainties in the relative branching fraction measurements, also affecting the determination of the production cross-section \[[@CR19]\]. This paper reports a measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+ \rightarrow {{J} /\psi } \mu ^+ \upnu _\mu X$$\end{document}$ with $\documentclass[12pt]{minimal}
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                \begin{document}$${{J} /\psi } \rightarrow \mu ^+\mu ^- $$\end{document}$.

Detector and data sample {#Sec2}
========================

The LHCb detector \[[@CR20]\] is a single-arm forward spectrometer covering the pseudorapidity range $\documentclass[12pt]{minimal}
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                \begin{document}$$2<\eta <5$$\end{document}$, designed for the study of particles containing $\documentclass[12pt]{minimal}
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                \begin{document}$${c} $$\end{document}$ quarks. The detector includes a high-precision tracking system consisting of a silicon-strip vertex detector surrounding the $\documentclass[12pt]{minimal}
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                \begin{document}$$pp$$\end{document}$ interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about $\documentclass[12pt]{minimal}
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                \begin{document}$$4\mathrm {\,T\cdot m}$$\end{document}$, and three stations of silicon-strip detectors and straw drift tubes placed downstream. The combined tracking system provides a momentum measurement with relative uncertainty that varies from 0.4% at 5 $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {GeV\!/}c}$$\end{document}$ to 0.6% at 100 $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {GeV\!/}c}$$\end{document}$, and impact parameter resolution of 20$\documentclass[12pt]{minimal}
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                \begin{document}$${\,\upmu \mathrm m}$$\end{document}$ for tracks with large transverse momentum. Different types of charged hadrons are distinguished by information from two ring-imaging Cherenkov detectors \[[@CR21]\]. Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers \[[@CR22]\]. The trigger \[[@CR23]\] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction.

The analysis is performed on a data sample of $\documentclass[12pt]{minimal}
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                \begin{document}$$pp$$\end{document}$ collisions at a centre-of-mass energy of 8 TeV, collected during 2012 and corresponding to an integrated luminosity of 2 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$. Simulated event samples are generated for the signal decays and the decay modes contributing to the background. In the simulation, $\documentclass[12pt]{minimal}
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                \begin{document}$$pp$$\end{document}$ collisions are generated using [Pythia]{.smallcaps}  \[[@CR24]\] with a specific LHCb configuration \[[@CR25]\]. The production of $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ mesons, which is not adequately simulated in [Pythia]{.smallcaps}, is performed by the dedicated generator [Bcvegpy]{.smallcaps} \[[@CR26]\] using a $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+ \rightarrow {{J} /\psi } \mu ^+ \upnu _\mu $$\end{document}$ decays, as discussed in Sect. [4](#Sec4){ref-type="sec"}. Decays of hadronic particles are described by [EvtGen]{.smallcaps}  \[[@CR27]\], in which final state radiation is generated using [Photos]{.smallcaps}  \[[@CR28]\]. The interaction of the generated particles with the detector and its response are implemented using the [Geant4]{.smallcaps} toolkit \[[@CR29], [@CR30]\] as described in Ref. \[[@CR31]\].

Analysis strategy and event selection {#Sec3}
=====================================

Candidate signal decays are obtained from combinations of a dimuon compatible with a $\documentclass[12pt]{minimal}
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                \begin{document}$${{J} /\psi }$$\end{document}$ decay and an additional candidate muon track, denoted as a *bachelor* muon in the following, originating from a common vertex.

Since the expected signal yield is about $\documentclass[12pt]{minimal}
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                \begin{document}$$10^4$$\end{document}$ candidates over a moderate background, the event selection and analysis are driven by the need to minimise systematic uncertainties. Selection variables that bias the $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ candidate decay time distribution are avoided, and the selection is designed not only to suppress the background contributions, but also to allow their modelling using data. Background candidates with decay time and $\documentclass[12pt]{minimal}
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                \begin{document}$${{J} /\psi } \mu $$\end{document}$ mass values comparable to the signal decays are mainly expected from $\documentclass[12pt]{minimal}
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                \begin{document}$${{J} /\psi }$$\end{document}$ meson and a hadron that is misidentified as a muon. This misidentification background is modelled using data in which $\documentclass[12pt]{minimal}
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                \begin{document}$${B} _{c} ^+$$\end{document}$ candidates are selected without any bias related to the identification of the bachelor muon. The candidate events are required to pass a trigger decision based solely on the information from the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu ^+\mu ^-$$\end{document}$ candidate. To pass the hardware trigger, one or both tracks from the $\documentclass[12pt]{minimal}
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                \begin{document}$${{J} /\psi }$$\end{document}$ decay must be identified as muons. In the first case, the muon is required to have a transverse momentum, $\documentclass[12pt]{minimal}
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                \begin{document}$$1.68~\mathrm {\,GeV} ^2/c^2$$\end{document}$. The software trigger selects dimuon candidates consistent with the decay of a $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm{T}} > 2~{\mathrm {GeV\!/}c} $$\end{document}$.

An offline selection applies further kinematic criteria to enhance the signal purity. Requirements on the minimum $\documentclass[12pt]{minimal}
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                \begin{document}$$2~{\mathrm {GeV\!/}c} $$\end{document}$), the bachelor muon ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Particle identification is based on the information from the Cherenkov, calorimeter and muon detectors, combined into likelihood functions. The selection is based on the logarithm of the likelihood ratio, $\documentclass[12pt]{minimal}
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The selected sample consists of 29 756 candidates. Among the selected events, 0.6% have multiple candidates which, in most cases, are formed by the same three tracks where the muons with the same charge are exchanged. All candidates are retained, and this effect is considered as a potential source of systematic uncertainty.
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Signal model {#Sec4}
============
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Background model {#Sec5}
================

The main background to decays of long lived particles to three muons is expected to be due to hadrons misidentified as muons and combined with a $\documentclass[12pt]{minimal}
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The misidentification background can be accurately predicted from data as no identification requirements are imposed on the bachelor muon by the trigger. By also removing such requirements from the offline selection, a $\documentclass[12pt]{minimal}
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The prompt background component is important for decays close to the PV, while it is suppressed in the detached region, where most of the signal is expected. To constrain the effects of the tails of the $\documentclass[12pt]{minimal}
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Simulated samples are also used to evaluate possible irreducible backgrounds from $\documentclass[12pt]{minimal}
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Finally, the background model includes a component to describe events having an incorrectly associated PV, resulting in a faulty reconstruction of the pseudo-proper time. These events are modelled by associating the candidates with the primary vertices measured in the previous selected event. The PDF is obtained from two-dimensional kernel estimation smoothing, while the yield is left free in the fit.

Fit and results {#Sec6}
===============
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Systematic uncertainties and checks {#Sec7}
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As a consistency check, the model is also varied within the uncertainties evaluated by comparing available theoretical predictions for the $\documentclass[12pt]{minimal}
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Several effects concerning the reconstruction of signal events are considered. The resolution model for the signal is varied using a quadruple Gaussian instead of the nominal triple Gaussian model. The lifetime variation is $\documentclass[12pt]{minimal}
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A possible systematic bias related to the prompt background model is explored by performing fits with a minimum requirement on the $\documentclass[12pt]{minimal}
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Since the combinatorial contribution is the only background source whose model relies on simulation, data-driven checks are performed to evaluate the uncertainty on its predicted yield. The yield of detached candidates before the bachelor muon identification requirements, which is expected to be dominated by $\documentclass[12pt]{minimal}
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For the misidentification background, an alternative fit is performed allowing its yield to vary freely, instead of being Gaussian constrained to its predicted value. The exercise is repeated using only detached events. The resulting yields are found to be compatible with the expected ones, and the maximum $\documentclass[12pt]{minimal}
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Systematic biases on the reconstruction of the pseudo-proper time scale can be produced by miscalibration of the detector length or momentum scale, and by a dependence on the decay time of the reconstruction and selection efficiency $\documentclass[12pt]{minimal}
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To estimate the uncertainty on the modelling of events with an incorrectly associated PV, the fit is repeated removing events where more than one PV are compatible with the candidate decay. The lifetime changes by $\documentclass[12pt]{minimal}
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The sum in quadrature of the mentioned contributions is 12.4 fs. Several further consistency checks have been performed to probe residual biases not accounted for by the assigned systematic uncertainty. To check the reliability of the prediction for the $\documentclass[12pt]{minimal}
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In the selected sample, the high-$\documentclass[12pt]{minimal}
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Conclusions {#Sec8}
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The inclusion of charge conjugate states is always implied throughout this paper.
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